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Abstract—Based on a two dimensional linear water wave theory, the boundary element method
(BEM) is developed and applied to study the heave and the sway problem of a floating rectangular
structure in water to finite depth with one side of the boundary is a vertical sidewall and the
other boundary is an open boundary. Numerical results for the added mass and radiation damping
coefficients are presented. These coefficients are not only depend on the submergence and the
width of the structure, but also depend on the clearance between structure and sidewall. Negative
added mass and sharp peaks in the damping and added mass coefficients have been found when
the clearance with a value close to integral times of half wave length of wave generated by
oscillation structure. The important effect of the clearance on the added mass and radiation damping
coefficients are discussed in detail. An analytical solution method is also presented. The BEM
solution is compared with the analytical solution, and the comparison shows good agreement.
Copyright © 1996 Elsevier Science Ltd

1. INTRODUCTION

A variety of analytical and numerical methods has been developed over the past four
decades for the treatment of a rectangular structure oscillating in periodic motion at the
water surface. The problem can provide fundamental information of hydrodynamic proper-
ties of added mass and damping of the structure, which can also be used as the basis to
study the problems of wave and structure interactions and the stability of floating struc-
tures.

Kim (1965) was the first to study the heave problem for a floating hemispheroid using
an integral method to obtain numerical results. Lebreton er al. (1966) studied the heave
problem for a fioating rectangle also using the same method. Black et al. (1971) calculated
the radiation problem of a rectangular block due to small oscillation by exploiting the
variational formulation of Schwinger. Bai er al. (1974) studied the heave problem for a
floating circular cylinder using the variational formulation and the simple source function
to obtain numerical results. Yeung (1975, 1982) analyzed the radiation and scattering
problems for floating circular and rectangular cylinders by using the hybrid integral-equ-
ation method. Havelock (1955) studied waves generated by periodic heaving oscillations
of a floating hemisphere, and Hulme (1982) presented a modified solution which advances
the analytical formulation by using deep-water multipole expansion involving a wave
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source (dipole) and wave-free potentials. Nestegard and Sclavounos (1984) studied the
heave and sway motion problem for a circle, a rectangle and a triangle also using the
same method. Vantorre (1986) calculated hydrodynamic forces up to the third order, acting
on axisymmetric bodies in an oscillatory heaving motion, by using the integral-equation
method. Lee (1995) analyzed the heave problem of a rectangular structure oscillating in
periodic motion in water of finite depth, by using the analytical method and the constant
element of boundary element method (BEM).

From the researches of the scholars as above, we find that most of them focus attention
on floating structures oscillation with periodic motion on water surface of deep water with
unbounded domain, and almost no people attempt to study the problem of floating struc-
tures oscillation on water surface of finite deep water and one side of the boundary with
vertical sidewall.

When a ship is parked in the dock, the waves are reflected due to a vertical sidewall.
So, it is different to the problems of structures oscillation on water surface with unbounded
domain. To analyze the problem of hydrodynamic forces on structures with a vertical
sidewall. In this paper, a boundary element method is used to solve the heave and sway
motion problem of floating rectangular structure oscillating in periodic motion at the water
surface with the left hand side (LHS) sidewall and the right hand side (RHS) open bound-
ary. Numerical results are represented by using the added mass and the damping coef-
ficients. To increase the accuracy of the numerical solution, the linear element will be
used to perform computation. To justify the accuracy of the numerical solution, the numeri-
cal results will be compared to the analytical solution.

2. THEORETICAL FORMULATION OF THE PROBLEM

The problem of a rectangular structure oscillating in periodic motion at the water sur-
face, as depicted in Fig. 1, will be studied. The width of the structure is b, and the submerg-
ence depth d. The water depth is A. An inertial, Cartesian coordinate system is chosen
such that the origin of the x-axis is at the center of symmetry of the structure. The positive
X points to the right, and the positive z points upwardly. The sidewall is D distance away
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Fig. 1. Definition sketch for theoretical analysis, with sidewall.
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from the structure. A numerical boundary is located at RHS, distance W away from the
structure, so that the semi-infinite domain becomes confined domain.

By making the usually assumptions of classical hydrodynamics, i.e., the fluid is inviscid
and incompressible and the flow is irrotational, the fluid motion can be described by a
velocity potential function. The velocity potential ® can be expressed as

® = Real[d(x,7)e "] n
i = —1, and the velocity potential ¢(x,z) must satisfy the Laplace equation
Vig=0 2

the velocity V can be expressed as

—

- -V 3)

where V is the gradient operator. The displacement function of the structure motion can
be expressed as

&= ise™i* )

where s is the amplitude,  is the oscillating frequency. The frequency w must satisfy the
dispersion relation

? = gktanh(kh) (5)

where g is the gravity acceleration, k is the wave number. The velocity potential must
also satisfy the following boundary conditions (Dean and Dalrymple, 1984):

1. The free surface boundary conditions: on I, I’
0d «?

5; = ;‘ d) onz= 0 (6)
2. The boundary condition at the water bottom: on I

)

—f =Q0onz=—h @)

on

i.e., the normal velocity is zero on the solid boundary. Where 7 is the unit normal
vector pointing out of the fluid domain.
3. The boundary conditions on the structure surface: on I',, I'; and I
b ~—
_f = Vn on SO (8)
on

where V,, is the velocity vector in normal direction on the structure surface, S, is the
submerged surface of the oscillating body.

4. The boundary condition at the sidewall: on I';; which is the same as Equation (7), the
normal velocity is zero on the solid boundary
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- 2
on

5. The radiation condition: on I; this condition expresses that the behavior of an outgoing
wave at W distance away from the structure.

a—qb—Oonx=~<é+D) ®)

The free surface elevation 1) can be calculated by using the linearized Bernoulli’s equ-
ation:

Cear T g ¢ 10

The dynamic pressure can be expressed as

0P
P=po = —iopd (11)

The vertical wave force acting on the structure can be calculated by integrating the
wave pressure along the submerged surface of structure, and is written as

F=J PdA =pfa§dA = —iwp jd)dA = —iwpe™ fd;dA (12)
So

So So So

where p is the density of fluid. The wave force, F, can be reformulated to obtain the added
mass coefficient w, and the damping coefficient, A. The solving process for u and A can
be written as follows: (Sarpkaya and Isaacson, 1981)

— ¢ dE
= —iwpe zmthA:M_a?+A.5£ (13)
So

where

3

ot
is the velocity of the structure,

9%

or
is the acceleration of the structure. Let

d(x.2) = R(P) + il (D) (14)

where R, and I, denote real and imaginary parts respectively. Then

= —iwpe " f [RA) + il .($))dA 15)

So
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From Equation (4) it can be seen that

d .

a—;§= wse™ " (16)
d? ,

a—tf = —ia’se” ™ a7

From Equation (13) to Equation (15), the added mass and damping coefficients may
be defined explicitly as

P
p= fRe(¢)dA (18)
So
and
p
A=t f I ($)dA (19)
So

Note that in accordance with Equation (18) and Equation (19) u and A are indeed real.
The nondimensional added mass coefficient C,, and the nondimensional damping coef-
ficient C,; will be defined as

_k_ 1
Ca - pv - wsv fRe((ﬁ)M (20)
So
A 1
C, =Im = o5V J L($)dA (21
So

and

YV =bd

is the submerged volume of the oscillating structure.

3. BEM FORMULATION

The boundary element method (BEM) has been used to solve a variety of problems in
theoretical hydrodynamics and elasticity theory (Brebbia and Dominguez, 1989). For a
boundary value problem in which the free space Green’s function, i.e. fundamental sol-
ution, is known, the BEM can be used to perform computations only on the boundary of
the domain. The effective dimensionality of the problem is reduced by one. Avoiding
detailed computations inside the domain makes the BEM method more efficient than the
domain type methods.

To utilize the BEM, we must first convert the boundary value problems into an integral
equation representation. Using Green’s second identity

~ 3 o . .
f (qb YA _q —‘_fi) dT = f ($V2q — qV2$)dQ (22)
r on on Q
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where g is fundamental solution of the goyerning equation, I' is the boundary of the
solution domain, €} is the solution domain, ¢ is the velocity potential at a selected point
of the boundary.

Because the governing equation of the fluid domain is Laplace equation, the fundamental
solution is (Greenberg, 1971)

-
g==-—In}|- (23)

2ar r

in which r is the distance from the source point to the field point. From Equation (22)
any velocity potential ¢, of the boundary is given by

- - )

B o] (20 4
f on on

in which j is the source point, B is the internal angle of the source point j.

The numerical procedure of the BEM involves dividing the boundary into N segments
or elements. To increase the accuracy of the numerical results, the linear element, as shown
in Fig. 2, will be used to perform computation on the boundary of the domain. Therefore
the values of ¢ and

3¢
on

at any point on the element can be defined in terms of their nodal values and two linear
interpolation functions u, and u,, which are given in terms of the local coordinates Z, i.e.

&(D = ul(i)l + uz‘i’z = [u, uz][gz}
(25)

(ﬁn(g) = uld’\)rlz + u2(i)§ = [ulu2]|:z;:|

in which,

] 1
w=o (1= D=5 (1+0

Fig. 2. Definition of linear elements.
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, { varies from —1 to +1.
For a well-posed boundary value problem, either ¢ or ¢, or a relation between them
is known at all points of the boundaries. Since both ¢ and ¢, at the radiation boundary are

unknowns, the relation between ¢ and ¢, may be built by using the matching conditions of
velocity and pressure, at

x=(v'v+§)

, 1.e., (Wu, 1987):

ig coshk(h +z) .. - —k
= - — n®
d=A4 © cosh(kh) e + ”E 1 A, cosk,.(h + 2)e
gk coshk(h +z) < &
= = — - = g - m*
b= bu= —Ar @ € mz=1 kAcosk,(h + 2)e (26)

the RHS is an analytical solution for wave in channel with flat bottom (Dean and Dalrym-
ple, 1984). Since cosh k(k + z) and cos k,, (h + 2) (m =1,2,..., ®) are orthogonal functions,
one can obtain

0
h(kh -
AO - — “_’cgi.) e—zk(W+§) J'¢nCOShkm(h + Z)dZ (27)
gkQo
—h
(4]
1 - b
A,=— .0 emW f b, cosk,(h + 2)dz 28)
m m L
where
0
O = fcoshzk(h + 2)dz (29)
—h
0
0, = J' cos’k,(h + 2)dz (30)
—h

in which k,, is the wave number of evanescent mode and must satisfy the dispersion
relation (Dean and Dalrymple, 1984)

o = —gkntan(k,h) m = 1,2,..., (31)

in which m is the number of evanescent mode and the calculation requires truncation at
some finite value m = M, wherein M is equal to forty in this paper.

Substitution of Equation (27) and Equation (28) into Equation (26), one can establish
the relation between ¢ and ¢, on the radiation boundary.
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0
_icoshk(h + z,,) _ o COsk,(h + 2,)
#z,) = XOn J $coshk(h + z)dz mE:,mkm o

—~h

(32)

O

Jd),,COSk,,,(h + 2)dz

—h

Discretizing the above equation by linear element, the equation can be written as

_‘17[(2,;) + E Figi, =0 onl, (33)

where

icoshk(h + z,) 7.
kQo
icoshk(h + z,) A icoshk(h + z,) - .
+ 7, #1,N
kO, J2 k0, T J
icoshk(h + z,) f-’{’, ji=N
kQ()
. icoshk(h +2)) . < cosk,(h+27,) .
G o T TP gy - i t
1 kQO fl + Z kam g}ml

Fi=

=1
= icoshk(h +2,), < cOskn(h+z,)
) = — ) + — g
L T R T . S

and f, f%, g}, and g, are defined by the following two equations

m=1

4]

J d.coshk(h + 2)dz = — > [f} fil [ dj)f 1}
’ i "

0
[ bcosk(h + 2)dz = =) [gh g’}nz][
Th i
So the boundary value problem can be described completely. Rearranging in such a
way that all unknowns are taken to the left hand side and all the knowns are move to the
right hand side, then
[A][X] = [B] (34)

where [X] is the vector of unknown ¢ and ¢,, [B] is the known vector, [A] is the matrix
of coefficients. Equation (34) can be solved by using the Gauss elimination method.

"
A
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At corners the flux at both sides may not be unique (so called corner point). To take
into account the possibility that the flux at a point before a corner (not necessarily a corner
point) may be different from the flux at a point after a corner, two nodes are taken at
every comner in the present model. That is replacing the corner node by two different
nodes inside each of the two adjacent elements.

4. ANALYTIC SOLUTIONS

4.1.  Construction of the mathematical model

To solve the problem analytically, the problem domain can be divided into three regions
as depicted in Fig. 1. (Lee, 1995)

1. Region 1:
b b -
Esxs §+W,—hszso
2. Region 2:
b
'xlSE,_hSZS-d
3. Region 3:
b
*(g+D)SxS—§,—h_<_ZSO

The boundary-value problems describing the three regions can be written as:

1. Region 1
Vigi(x2) = 0 )
0! 2 b b -
%:34)1 onz="0; 5s;cs(§+ ) (36)
ad! b b
—87—00712—-—‘}1, 2st<2+ ) 37
d¢' d¢? b
9@ _99 == 38
ox  Ox *72 (38)
and radiation condition (¢ is outgoing wave).
2. Region 2
V242(x2) = 0 39)
2 b
E%’;~=ws onz=—d, |x|S§ (40)

2
a—;’z—=00nz=—h @1
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3. Region

where ¢’, ¢?, ¢’ represent the velocity potential of the three regions.

Hu-Hsiao Hsu and

%= ¢! onx=§

¢2 = ¢* onxz—g

3

Vip3(x,7) =0

29 e -
az—gd) onz=0; 2+D
3

a—a(g—=00nz=—h;—(g+D)SxS—b

d¢* _d¢* b

ax  ax T2

0’ b o
ax—Oonx——(§+D), h =

Yung-Chao Wu

<= <__l_7
=x= 5

2

z=0

(42)

43)

(44)

(45)

(46)

(47)

(48)

Note that the velocity and pressure matching boundary conditions for the two neighbor-
ing regions has been separated intentionally as shown in Equation (38), Equation (42),
Equation (43) and Equation (47). The difficulty of solving the above boundary-value prob-
lems is mainly on the region 2 due to the nonhomogeneous boundary conditions (Equation
(40) and Equation (43)). Lee’s method (Lee, 1995) will be introduced to solve the non-
homogeneous boundary value problem. The nonhomogeneous boundary-value problem
(Equation (39) to Equation (43)), will be separated into two nonhomogeneous problems,
one horizontal problem for

bk

and the other vertical problem for

17

which can be solved analytically.

1. Horizontal homogeneous problem for ¢,°

V2$i(x,2) =0

d0pF o b

3. @S onz= d |x|S2
2

aj}li=0 onz=—h

dz

(49

(50)

(5D

(52)
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b
¢4 =0 onx=—z; —h=z=<—-d
2. Vertical homogeneous problem for ¢,>
Vipi(xz) =0
ad? b
—_— _—— . __<._
% 0onz=—-d, | 5
a 2
9Py =0onz=—h
oz
b
¢y=d' onx=2; —h=z=-d
b
di= ¢ onx= -5 —h=z=<-d

187

(53)

(54)

(55)

(56)

(57

(58)

Therefore, the solution to Equation (39) to Equation (43) is equivalent to the sum of

the solutions of Equation (49) to Equation (53) and Equation (54) to Equation (58).

4.2. Analytic solutions

By using the method of separation of variables, analytic solutions for the three regions
can be obtained.

1. Region 1

&' = Asocoshlk(h + 2)]e* =P + S, Apcoslky(h + De

n=1

where k and k,, must satisfy the dispersion relation

w* = gktanh(kh) = — gk tan(k,h), n = 1,2,...,0

2. Region 2

in which

and

by =, Az,,sin[)t,,( x - g)]cosh[)u,,(h +2)]

- 2wsb[cos(nm)—1] _nw
7 (Ab)*sinh[A,(h—d)T’ "

d b b
b} =Axx + Byg + D, [Aze*™* 2 + Bye ™ D]cos[k,(h + 2)]

n=1

(59)

(60)

(61)

(62)

(63)

(64)
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k= a=12..% (65
n_h‘“d n=1,2,.., )

3. Region 3

b b
$F = A}Ocosk( 5 + D+ x)coshk(h +2)+ 2 /43,,cosh/c,,<2 +D+ x)cosk,,(h +2)

n=1

(66)

The unknown coefficients A,,,, 4,, A;, and B,, can be determined by using the matching
conditions at

c=?
2
(Equation (38), Equation (42)) and at
b
2

(Equation (43), Equation (47)), i.e.
1.

99> o' P
ax o T2
2 AZn)\nCOSh[/\n(h + Z)] + A20 + 2 kn{AZnek"b - BZn}COS[kn(h + Z)] (67)

n=1 n=1

= ikA,coshlk(h + 2)] + D, Aw(—k,)coslk,(h + 2)]

=1

2.
b
2 4! =
b =¢' onx 5
b o
S0 + B + D {Ague” + By, }coslk,(h + 2)] = Aggcosh[k(h + 2)] (68)
n=1
+ 2 A,,c08 k,(h + 2)]
n=1
3.
o> _d¢* b
ox  Ox onx= 2

> Az h,co8(A,b)cosh[ A (h + 2)] + Ay

n=1



Hydrodynamic coefficients for an oscillating rectangular structure 189

+ Y, kulAz—Bouet®Yeoslk,(h + 2)] = Aso(—k)sin[k(D)] (69)
n=1
cosh[k(h + 2)] + D, As,(k,)sinh[k(D)]cos[k,(h + 2)]
n=1

4.
b
d?=¢% onx= -
b o

— 5 An+By+ > {As, + Bae)cos[k,(h + 2)] (70)

n=1
= Ajpcos[k(D)]cosh[k(h + 2)] + 2 As,coshik,(D)cos[k,(h + 2)]
n=1

Equation (67) to Equation (70) can now be multiplied by the orthogonal function in
their belonging regions, and integrated along the corresponding matching boundary. The
algebraic equations thus obtained can be written as

{M(1)}Ag + iI[Azm(Kme"m”) + Bom(— k) {M,(1,m) } 71
+ Ajo(—ik){No(1)} = — ilfﬁz,-/\,-{Nl(lJ)}

{My(n)}Az + il[Azm(Kme“m”) + Bom(— k) { M (n,m) } (72)
+ Ay ko1 {No(m)} = —éAzjxj{N,(n,j)} n=23,...,®

b ©
AZO{E(h_d)} + Byo(h—d) + Ajo(— D{M(1)} + 2 Ay (—D{My(m)} =0

m=2
(73)
1 1
Azn{i(h—d)e"""} + an{i(h—d)} + A, (—D{M,(1,n)} (74)
+ D Ay n(=D{Mmn)} =0 n=12,..%
m=2
b
[Azo<— 5) + Byol(h—d) + A3o(—1){My(1)}cos[k(D)] 75)

+ 2, Asm (= 1){Mo(m)}coshlk,_(D)] = 0

2
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1
(A2, + ane""b]{i(h—d)] + Aso(—1){M(1,n)} cos[k(D)] (76)

+ O Ay (— D{My(m,n)}coshlk,_(D)] =0 n=12,..%

m=72

A Mo()} + D, Aok + Baml —Km)e* 1M (1,m)} + Aso(R)sin(k(D)]  (77)

m=1
= — EAzj/\jCOS(Ajb){Nl(lJ)}

x

Aso{Mo(m)} + D [AsmKm + Bonl— Kp)en®1{ M (n,m)}
m=1
+ Asn_ 1=k, ) (No(n)}sinh[k, (D)) (78)
= — > AyAcos(AB){N,(nj)}  n=23,..

i=1

where the symbolic expressions M(1), M,(1, m), No(1), N, (1, j), M, (n, m), No(n), Ni(ny)
and M,y(n) can be written as follows:

—d
My(1) = j cosh[k(h + 2)]dz (79
—h
—d
My(n) = jcos[k,,_l(h + 2)]dz (n=2,3,...,9) (80)
Zh
—~d
M,(1,m) = f cosh[k(h + 2)]cos[k,(h + 2)]dz (81)
—h
—d
M,(nm) = fcos[k,,,l(h + 2)Jcos[k,.(h + 2)}dz (n =2,3,...,0) (82)
~h
No(1) = f cosh?[k(h + 2))dz (83)

0]
No(n) = jcosz[k,,_l(h + 2)dz (n=2,3,...,%) (84)
~h
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—d

N,(1,)) = Jcosh[k(h + z)lcosh{A(h + 2)]dz (85)
Zh
—d

Ni(nj) = JCOS[k,,_l(h + 2)]cosh[Afh + 2)1dz (n = 2,3,...,) (86)
Zh

Equation (71) to Equation (78) can now be used to solve for the coefficients A;,, A,,
B,, and A;,; n =0, 1, 2,...,, . The vertical wave force acting on the structure can be
calculated by ¢% and ¢% of the region 2, i.e.

D2 = P~ = [P} + Pile™ (87)

2
P= P%f = —iwpdZe ™ = —iwp[dp} + Ppile (88)
Fl,o g = [o,PdA = —iwpe [ [dF + d3]dA = fe~i" (89)

where
f= —pw{ z Azncosh[)t,xh—d)]%]-"—1 (90)
n=1 n
d efnb—1

+ Baoh + 2, (Az, + Bay) k—COS[kn(h—d)]}

n=1 n

The wave force (F) expression shown in Equation (89) can be reformulated to obtain
the nondimensional added mass coefficient C,, and the nondimensional damping coef-
ficient C,,

_RAS)

Ca= pswbd oD
LS}

Ca= pswbd 2)

where R, and I,, denote real and imaginary parts respectively.

5. NUMERICAL RESULTS AND DISCUSSION

In this paper, we study the heave and the sway problem of a floating rectangular struc-
ture in water of finite depth with one side of the boundary is a vertical sidewall and the
other boundary is an open boundary. This problem has not been solved by analytical or
numerical method and no experimental data in the literature. To prove the accuracy of
the present linear element BEM solution and analytical solution, the two side open bound-
ary problem of Lee (1995) has been recomputed and compared to the present results. The
geometry parameters of Lee’s two examples are (h/b =3.0, d/h =0.4), (b/h =0.4, h/d =3.0),
and the water depth 2 =1.0 m. The computed dimensionless added mass, C,, and damping
coefficients, C,, are presented as function of relative water depth h/L, L is the wave length
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of wave generated by oscillating rectangle, and are plotted in Fig. 3 and Fig. 4. The
comparisons indicate that the present numerical results of linear BEM agree very well
with Lee’s analytical solution (Lee, 1995).

The effect of sidewall on C, and C, will be examined. The problems we consider has
the same scale as Lee’s (Lee, 1995), but the open LHS boundary is changed to a vertical
sidewall, as shown in Fig. 1. Assuming that the clearance between sidewall and rectangle
is D =0.2h, numerical results based on linear BEM and analytical method are presented
as function of relative water depth and are plotted in Fig. 3 and Fig. 4 again. Both added
mass and damping coefficients change rapidly when A/L close to 0.25. This is the typical

8 0.00

-0.20

—0.40

—0.60

NUMERICAL SOLUTION

-0.80 T T T T T T T
0.00 020 040 060 080 1.00 120 1.40

h/L
(b) /

2.00

OPEN BgOZ)INDARY

299

0.00 T ————
0.00 020 040 060 080 1.00 1.20 1.40

h/L

Fig. 3. Dimensionless added mass and damping coefficients for a rectangular structure heaving in calm water.
(hlb =3.0, d/h =0.4, Dih =0.2)
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—0.40 4
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0.00 0.20 040 060 080 100 120 1.40

1.80 A
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0.60

0.40

0.20 ..

0.00 YT e
0.00 020 040 0.60 080 1.00 1.20 1.40
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Fig. 4. Dimensionless added mass and damping coefficients for a rectangular structure heaving in calm water.
(h/d =3.0, b/h =0.4, D/ih =0.2)

resonant behavior. The present results indicate the important effect of sidewall on the
hydrodynamic coefficients.

In the following, the important effect of clearance on the hydrodynamic coefficients
will be examined in detail. Define the relative clearance as D/L. Numerical results of linear
BEM and analytical method are plotted in Fig. 5a and b for C, and C;, respectively. In
Fig. 5 the added mass and damping coefficients are shown as function of relative clearance,
DIL, for W/L =0.5. We fined that both C, and C, values have great change when D/L is
equal to 0.5, 1.0 and 1.5. This phenomenon is called resonance, the same as harbor seich-
ing. Due to the reflection of vertical sidewall, wave energy is accumulated in the region
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Fig. 5. Dimensionless added mass and damping coefficients for a rectangular structure heaving in calm water.
(hid =3.0, b/h =0.4, h/L =0.5)

between sidewall and structure. To further prove this resonant behavior, the dimensionless
added mass and damping coefficients have been computed and plotted in Fig. 6a and b
for h/L =0.3. The resonance phenomena appear at the same relative clearance as before,
i.e., D/IL =0.5, 1.0 and 1.5. We conclude that if the clearance D is integral times of half
wave length, L/2, the resonant behavior will appear, and the hydrodynamic coefficients
will change rapidly.

In addition to the heave motion, we also examine the added mass and damping coef-
ficients for a rectangular structure oscillating in a sway motion in calm water with finite
depth. At first, the numerical results of C, and C, are presented as function of relative
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Fig. 6. Dimensionless added mass and damping coefficients for a rectangular structure heaving in calm water.
(hid =3.0, b/h =0.4, h/L =0.3)

depth A/L and are plotted in Fig. 7 and Fig. 8. Both C, and C, change rapidly when h/L
close to 0.25. These results indicate the important effect of sidewall. The important effects
of clearance on C, and C, are shown in Fig. 9 and Fig. 10 for h/L =0.5 and h/L =0.3
respectively. Again the resonance phenomena appear as the clearance is integral times of
half wave length, and the hydrodynamic coefficients change rapidly.

6. CONCLUSIONS

The BEM with linear element has been established to study the hydrodynamic properties
of rectangular structure oscillating on water of finite depth. The accuracy of the BEM is
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Fig. 7. Dimensionless added mass and damping coefficients for a rectangular structure swaying in calm water.

(hb =3.0, d/h =0.4, D/h =0.2)

proved by comparing numerical resuits of BEM and analytical method. Negative added
mass and sharp peaks in the added mass and damping coefficients have been found when
one side of the open boundary is replaced by sidewall. Resonant behavior will appear
when the clearance between sidewall and structure is integral times of half wave length
of wave generated by oscillating structure. The hydrodynamic coefficients of any shape
structure oscillating on water can be examined by using the present numerical technique.
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